This paper is an attempt to analyze a possible influence of economic growth on innovation performance. Econometric model based on principal component analysis is the research tool. Poland, as a country in transition, is here a case-study. The analysis has confirmed an interesting pattern: in 1989-2007, corporate innovation performance was changing, in principle, in the same direction as macro-economic changes but with a oneto-two-year delay. This is some proof that the innovation activity followed the cyclical development of the national economy. Innovation performance was demand-driven, i.e., pulled by demand resulting from the economy's recovery and high economic growth. So, technological innovation appeared to be highly sensitive to the general economic situation in Poland as a transitional economy. Economic growth seems to be a kind of tagboat pulling innovation activities in the business sector.
I. A lIterAture revIew
The main aim of this paper is to analyze basic relationships between technological innovation 1 and economic growth or, in other words, relationships between innovation performance and macro-economic performance.
Two aspects of this issue can potentially be considered:
1) The influence of innovation on economic growth and 2) The reverse dependence, i.e. the influence of economic growth on innovation. Here, the second aspect of this problem is the subject of interest.
It was Schumpeter who pointed out that innovation is the engine of economic development. Following his thesis, numerous studies were conducted afterwards to analyze the place of technical change in economic growth.
This issue has usually been considered in the context of the Solow's (1957) aggregate growth model based on the concept of the Cobb-Douglas production function. He constructed a three-factor model, subsequently extended by various authors to a four-or even a five-element function where technological change is a kind of a residual part.
According to Freeman (2006) , what it meant so far as the process of technical change was concerned, is extraordinary difficult to measure in quantitative terms. I. Adelmann (1961, p. 9) , in her discussion of models of economic growth, used the five-element formula:
where: It is difficult enough to measure S t , although some progress has been made in this direction but Adelmann accepted that it is even more difficult and perhaps impossible to measure U t . However, the fact that some of these variables cannot be quantified satisfactory does not mean that they can simply be ignored.
Recently, according to the new theory of economic growth (Romer, 1986; Barro and Martin, 1995; Von Tunzelmann, 1995) , an economic role of innovation is usually assessed through the prism of the concept of total factor productivity (tfp). An increase of tfp is interpreted, simplifying, as a coefficient informing us about the rate of improvement in efficiency due to new technologies.
Such approach may be named as an exogenous approach because it assumes that innovation is here an exogenous (independent) variable being one of the reasons of economic growth which, in such model, is treated as an endogenous (dependent) variable.
Let's now check whether there is a reverse relationship. So, a question emerges: Does innovation performance depend on economic growth? If we get an answer 'yes', it will mean that the following economic mechanism exists:
High growth of the national economy usually means a sound economic • situation, prosperity, good climate in the business sector. This evokes an optimism among entrepreneurs who positively look to • the future. This, in turn, stimulates their pro-investment inclinations, including higher • expenditures on innovation activities. In result, the growth of innovations appears. • An inspiration to such way of thinking can be found in the evolutionary theory by Nelson and Winter (1982) . The essence of their An Evolutionary Theory of Economic Change is the recognition of market competition as dynamic evolution; it goes beyond the conventional framework based on perfectly competitive equilibrium. The evolutionary theory, from the view-point of the behavioral science of firms, reveals an endogenous understanding of research and development in firms and thus endogenous recognition of the field of innovation.
In short, it may be said that innovation dynamism depends to some extent on macro-economic dynamism. So, in this sense, this is an endogenous approach.
Recently, Hirooka (2006) seems to remain under the impression of the evolutionary theory when he writes that innovations selectively develop on the upswing of prosperity and their diffusion is affected by economic conditions. 'The diffusion of innovation is easily retarded by economic turbulence and resumes the original diffusion rate when the economy recovers to a sound condition' (p. 50). Of course, according to Hirooka's Innovation Dynamism and Economic Growth, innovation per se is the source of economic development.
In analyzing an influence of economic growth on innovation performance, let us use a case-study of Poland being a country in transition. Summarizing, in the period of transition, Poland did not achieve significant improvement in innovation performance. The general picture of changes is ambiguous: neither good nor bad; both positive and negative tendencies can be identified. At the same time, several indicators showed no visible change.
II. InnovAtIon PerformAnce In PolAnd
However, one must remember that inflows of new technologies via foreign direct investments to Poland intensified throughout the whole period: from ca 100 mln usD in 1990 to over 110 bln usD, cumulatively in 2007 (Gus, 2008) , which played some positive role in modernizing the national economy.
Moreover, it is hard to say whether Poland's accession to the European Union (Eu) caused any improvement in innovation performance. Firstly, the membership period is too short to observe any tendencies: the first full year of Poland 
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III. three reseArch questIons
In order to analyze an influence of economic growth on innovation, we must first answer three questions:
1) How to measure economic growth? 2) How to express innovation performance? 3) How to describe relationships between the growth and innovation?
In relation to 1): economic growth will here be expressed by the gross domestic product (GDp) growth rate, as is usually done in the literature. Data for Poland in 1989-2007 are shown in Table 2 . Table 2 . gdP growth rate in Poland, 1989 Poland, -2007 Poland, (in %) 1989 Poland, 1990 Poland, 1991 Poland, 1992 Poland, 1993 Poland, 1994 Poland, 1995 Poland, 1996 Poland, 1997 0. 1) The share of new and modernized products in aggregate industrial output (x1), 2) The share of high-tech products in total exports (x2) and 3) The share of corporate expenditures on innovation activities in aggregate industrial output or innovation intensity (x3).
None of them can separately explain the development of innovation performance.
One can have some reservations towards these yardsticks. First two of them represent an innovation output while the third one represents a kind of innovation input. However, innovation intensity is universally treated as a good indicator for firms' innovative activities (Oslo Manual, 2005) .
Moreover, it turned out that the first indicator had been calculated -till 2001 -as the share of new and modernized products launched in a given year and -since 2000 -as the share of such products launched within last three years. This change in the statistics methodology made it impossible to establish comparable time-series of this variable for the whole analysed period. Therefore, it was necessary to divide the period and run analyses for two over-lapping sub-periods: (a) 1989-2001 and (b) 2000-2007. Principle component analysis (pca) was applied to choose the combination of these measurements, e.g., first principal component (pc), that best describes the course of a given phenomenon, in this case of innovation performance.
In relation to 3): the basic research tool was the econometric model based on pca (see, e.g., Morrison, 1976) . Indeed, we did not find in the literature, at least in the Polish one, publications on econometric analysis of an influence of economic growth on innovation performance. Poland, 1989 Poland, -2001 Poland, (in %) 1989 Poland, 1990 Poland, 1991 Poland, 1992 Poland, 1993 Poland, 1994 Poland, 1995 Poland, 1996 Poland, 1997 Poland, 1998 Poland, 1999 Poland, 2000 Poland, 2001 
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Share of new and modernized products in industrial output.
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Share of high-tech products in total exports. Table 4 . The calculations were conducted using the partial least squares method. The form of the pC(a) function for 1989-2001 is as follows:
The variability coefficient (64.63%) seems sufficiently high. For an easier interpretation, the coefficients were multiplied by -1, so then an increase in this function may be interpreted as an increase in innovation performance. The values of this new first principal component for 1989-2001 are presented in Table 5 . A curve of pC(a), shown alongside the GDp growth curve, is presented in Figure 1 . 1989-2001 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 For a further analysis, a linear econometric model has been constructed where pC(a) is a dependent variable, and a GDp growth rate with various delays (pKb t , pKb t-1 , pKb t-2 ) is an independent variable. After using the step backward method for selection of variables, the following equation has been received:
where pKb means a GDp growth rate.
Detailed reports concerning this model are presented in Appendix 1. As can be seen from the figure, the growth in pC(a) values shows many similarities to the dynamics of GDp growth. The curve representing innovation performance behaves in a similar manner to that of macro-economic development, although pC(a) responds to a GDp increase/decrease with a certain displacement. So, we can say that, in 1989-2001, innovation performance in poland developed parallel to the country's macro-economic performance, but -according to model (2) -with a two-year delay. -2 1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1 
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v. the relAtIonshIPs In 2000-2007
Let's now come to the second sub-period. Table 8 . A curve of pC(b), shown alongside the GDp growth curve, is presented in Figure 2 . For a further analysis, a linear econometric model has been constructed where pC(b) is a dependent variable, and a GDp growth rate with various delays (pKb t , pKb t-1 , pKb t-2 ) is an independent variable. After using the step backward method for selection of variables, the following equation has been received: been done and included in: Jasinski and Manikowski (2010) . It confirms the conclusions contained earlier in this paper. Figure 3 . Innovation performance and macro-economic performance in Poland, 1989 Poland, -2007 However, due to relatively short time-series, especially for 2000-2007, conclusions must be very guarded. So, let us wait for relevant statistical data on science and technology in Poland in 2008-2010. Then we shall have the longer, i.e., eleven-element time-series. Moreover, due to the global economic crisis, GDP growth rate dropped in Poland too, and probably pulled down innovation performance although with a slight lag. Our model confirms this (see Table 9 ). 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 increase in comparison with 2009 while pC(b) continues to decline (the third year in turn).
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conclusIon
In summary, the analyses confirm an interesting pattern: in 1989-2007, corporate innovation performance was changing, in principle, in the same direction as macro -economic changes but with a one-to-two-year lag. This is some proof that the innovation activity followed the cyclical development of the national economy. Innovation performance was demand-driven, i.e., pulled by demand resulting from the economy's recovery and high economic growth. So, technological innovation appeared to be highly sensitive to the general economic situation in Poland as a transitional economy.
The above conclusion brings a positive answer to the question posed at the beginning of this section and thus seems to confirm the existence of the economic mechanism described there: economic growth is a kind of tug-boat pulling innovation activities in the business sector. 
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